Pigeons emitted interresponse times that were reinforced if they fell between an upper and a lower bound (t < IRT < t + t/ 10). Brief stimuli followed each response; under some experimental conditions the color of these stimuli was correlated with whether the preceding interresponse time was longer or shorter than that specified by the schedule. Preliminary experiments indicated that these "feedback" stimuli acquired no discriminative properties even after prolonged training. A modified procedure, in which t varied cyclically throughout each experimental session, allowed the stimuli to acquire such properties: stimulus control was demonstrated under the training conditions, for two of the pigeons, and under transfer conditions for all three birds. A series of probe conditions, followed by a replication of the simple procedure using a multiple schedule, indicated that the controlling property of the stimuli was not the relation between stimuli, interresponse time, and value of t, but a variable determined by the interaction between the animals' responding and the cyclic procedure. This variable was probably the relative frequency of the less-frequent feedback stimulus.
The behavior of pigeons can be brought under the control of a procedure that selectively reinforces responses terminating interresponse times (IRTs) lying between an upper and a lower limit (DRL LH schedules). Responding under these procedures typically falls considerably short of perfect effectiveness; the probability that a given response will be reinforced rarely exceeds 50%, and the "accuracy" of temporal discrimination, measured either as the variance of the distribution of IRTs or as the location of the modal IRT with respect to the reinforced interval, is not noticeably improved by requiring sharper discriminations of the animal. Thus, the results of Kelleher, Fry, and Cook (1959) indicate that a reduction in the limited hold (LH) on a DRL procedure tends to worsen temporal discrimination both by displacing the IRT mode 'This paper is dedicated to B. F. Skinner in his sixty-fifth year. 27 towards shorter values and by increasing the variance of the IRT distribution. The relative inability of the usual differential reinforcement procedures to improve temporal discrimination of this sort leads one to ask whether performance under DRL schedules represents some kind of absolute limitation upon animals' ability to discriminate time intervals. Is there anything about the DRL schedule itself which might artificially restrict animals' opportunity to exhibit accurate temporal discriminations? At least two potential limiting properties can be distinguished. (1) An experiment by Reynolds (1966) indicated that the ability to discriminate, i.e., show behavior correlated with, a given time interval must be distinguished from the ability to inhibit responding for the duration of that interval. The enforced-pause aspect of the spaced responding procedure may thus be an irreducible limiting factor. (2) An adventitious property of DRL LH procedures, however, as they are usually scheduled, is the infrequency of informative feedback available to the animal. Most of the informative feedback on DRL LH schedules is associated with the reinforcement; reinforcement implies that the previous IRT 8; 10; 15; 20; 30; 30; 30; 20; 15; 10; 8. Each component was in force for 5 min, independent of the number of reinforcements produced in the component; the scheduling timer did not stop during reinforcement. No differential stimuli, in the usual sense, were correlated with each value of the schedule and it must therefore be classified as a mixed DRL LH schedule of a cyclic rather than a random nature (cyclic DRL). Two cycles of this procedure constituted a session, which therefore lasted for 110 min. The major independent variable was the presence or absence of feedback (FB) stimuli. There were two stimuli, a red and a green key light. In the FB condition a response on the key had one of three outcomes: (1) after an IRT shorter than the minimum IRT specified by the cyclic-DRL component then in force, the white key light changed to green for 1.6 sec, followed by a return to the white key light; (2) after an IRT within the limits prescribed by the schedule in force, the key lights were extinguished and the reinforcer presented. Following reinforcement, the white key light reappeared at reduced intensity (caused by interposing a 300-ohm resistor in series with the light) for 1.6 sec, after which it returned to its normal intensity; (3) after an IRT longer than the maximum (10%/ longer than the minimum) specified by the schedule, the white key light changed to red for 1.6 sec, followed by a return to white. All key lights were turned off for 35 msec (the duration of the response pulse) after every response, to allow time for switching of the scheduling equipment. A typical sequence of events is illustrated in Fig. 1 . In the "nofeedback" (NFB) situation, the number of possible outcomes that could result from a response was reduced from three to two: reinforcement, on the one hand, or the 1.6-sec appearance of the white light at reduced intensity, on the other. The same stimulus occurred after reinforcement in both procedures. Thus, the only difference between the FB and NFB situation was that in the latter, the white light at reduced intensity took the place of both green and red key lights.
In the extinction conditions with feedback, responses terminating IRTs that would normally have been reinforced were followed by the feedback stimulus that followed the preceding IRT.
Two major dependent variables will be discussed: (1) session; for this purpose the number of responses made during each of the eleven 5-min components during the second cycle of the session was recorded. Table 1 shows the sequence of experimental conditions used. The first part of the experiment-Conditions 1 through 6-was designed to establish the existence of an effect of the feedback stimuli under both steady-state conditions and in extinction. The second part -Conditions 7 through 16-attempted to analyze further the mode of action of the stimuli by interpolating probe sessions separated by days under the basic feedback procedure.
RESULTS
The major result of the experiment was demonstration of control of the cyclic pattern of responding developed under this procedure ("tracking" of the cyclic DRL) by the feedback (FB) stimuli. This control is clearly evident under steady-state conditions for two of the birds and in extinction tests for all three. The relevant steady-state data appear in Fig. 2 which shows response rate within each 5-min component during the second cycle of the session for Conditions 1, 3, and 5 (NFB-1, FB-1, and NFB-2). Both 186 and 106 show the ex- pected decline and increase in response rate as a function of time for the feedback condition, but to a lesser extent (106), or not at all (186), for either of the no-feedback conditions. Bird 54, however, tracked even without the aid of the feedback stimuli. The data in this figure indicate that the more proficient the bird was at this procedure, in terms of the regularity and amount of cyclic variation in the presence of cues both from reinforcement and the feedback stimuli, the less disruption was produced by removing the stimuli; i.e., the same order of proficiency obtained both with and without feedback. Dot pictures taken for all these conditions indicate that the cyclic variations in response rate shown in Fig. 2 Fig. 3 .
The data shown in Fig. 2 might seem to suggest that Bird 54 was controlled solely by cues other than the feedback stimuli (e.g., reinforcement, time since the beginning of the session, etc.). This conclusion is contradicted, however, by the results of the extinction sessions, which are depicted in Fig. 4 and 5. Figure 4 shows second-cycle response rate during extinction sessions with and without feedback following FB and NFB conditions, i.e., EXT NFB-1, EXT FB-1, EXT NFB-2. All three pigeons show an effect of the feedback stimuli; in the case of Birds 54 and 106, the cyclic pattern of responding is disrupted by NFB and restored by FB, in the case of 186, responding occurs at a much lower rate in the feedback extinction condition, paralleling the results for this bird in the presence of reinforcement with and without feedback (Fig. 2) .
The discriminative control exerted by the stimuli is even more apparent in the secondcycle conditions shown in Fig. 5 . The relevant comparisons are between the 1%2 EXT condition, in which the feedback stimuli, but no reinforcement, occurred during the second cycle of the session, and the other two conditions in which the significance of the stimuli was reversed (green for "long", red for "short") but reinforcement was continped (1,2 REV), and the same condition without reinforcement (1/ REV + EXT). Only in the 1/2 EXT condition is the normal cyclic pattern of responding preserved and indeed the birds' tracking behavior during this condition was at least as accurate as during the condition when both reinforcement and feedback were available.
The feedback stimuli clearly exerted control over some aspect of the tracking behavior of all three pigeons in this experiment. Given the scheduled relationship between the red and green key lights and the birds' responding, the simplest mode of control by the stimuli would appear to be upon the direction of change of interresponse time: following an IRT shorter than the DRL requirement, the subsequent IRT should be longer; following a too-long IRT, the subsequent IRT should be shorter. The most direct method for testing a mechanism of this sort was provided by. the second-cycle conditions when the significance of the green and red stimuli was reversed. If the birds' tracking were controlled by a negative feedback mechanism of the type described, with the stimuli providing the-feedback signals, the second-cycle reversal conditions (1/2 REV and 1Y2 REV + EXT) should convert a negative feedback mechanism into a positive feedback one, leading either to runaway acceleration (shorter and shorter IRTs) or deceleration (longer and longer IRTs). Figure 5 shows that neither result occurred for any animal. Indeed, for the 1/2 REV condition the rate for the first four or five components of the condition showed less change than usual, contradicting predictions based upon an IRT-by-IRT feedback control mechanism. The results of the '% REV + EXT condition are more equivocal for Birds 54 and 106, but in neither case do they provide clear support for the simple feedback view. Unfortunately, the results of the other two probe conditions, GREEN and RED, are similarly uninformative, agreeing only in that they fail consistently to support the feedback hypothesis. Thus, while response rate in the GREEN condition (green feedback stimulus following all unreinforced responses) was lower than for the RED condition for Birds 186 and 106, in accordance with the scheduled "too short" significance of green, the opposite was true of Bird 54, which in other respects adapted best to this situation. In general, the tracking of all three birds was more disrupted by RED than by GREEN, the difference being greatest for 186 and least for EXPERIMENT 2: FEEDBACK AND NO-FEEDBACK CONDITIONS WITHIN COMPONENTS OF A MULTIPLE SCHEDULE After the cyclic DRL experiment, the possibility of discriminative control by feedback stimuli in the simple DRL LH situation was re-examined using a more sensitive procedure.
In addition to four naive pigeons the two most proficient birds under the cyclic procedure (54 and 106) were used. This experiment thus constituted a test of whether or not their experience under the cyclic procedure allowed these birds to come under the control of feedback stimuli in the simple DRL LH situation. Two of the six pigeons showed small, idiosyncratic effects attributable to the feedback stimuli.
METHOD

Subjects
Six White Carneaux pigeons, four naive (223, 224, 225, 226) and two used in the previous experiment (54, 106) were maintained at 80% of their free-feeding weights.
Apparatus and Procedure
After one day of continuous reinforcement following key and magazine training for the four naive birds, all birds were exposed in the chamber of the previous experiment to 24 sessions of a DRL x LH y procedure with x and y varying from 5 sec and 1.5 sec, during early sessions, to 15 sec and 3 sec for the last 15 sessions. This was followed by 28 sessions when Birds 54, 106, 224, and 226 were exposed to DRL 15 LH 1.5-sec and Birds 223 and 225 to DRL 10 LH 1-sec.
Superimposed on this basic procedure was a two-component multiple schedule of feedback and no feedback. The components alternated at 5-min intervals and the first component of the session varied irregularly from day to day. Six cycles of this procedure constituted a session. During the feedback components, the same stimulus contingencies were in effect as in the feedback conditions in the first experiment, i.e., a brief green or red stimulus following IRTs longer or shorter than the range specified by the DRL LH schedule. For Birds 54 and 106, green signified "short" and red "long", as in the previous experiment. For the other four birds the significance of the colors was counterbalanced: green signifying "short" for Birds 223 and 224, and vice versa for Birds 225 and 226. The duration of the feedback stimuli was 1.5 sec for the DRL 15 LH 1.5 birds and 1 sec for the others. During the no-feedback component of 'the multiple schedule, the key light was dimmed after each response by interposing a 500-ohm resistor in series with the white key light. This stimulus also followed reinforcement during the feedback component.
On the day following Session 19 of the series of DRL 15 LH 1.5-sec sessions, Birds 54 and 226 were given an extinction session with the multiple feedback-no-feedback contingency remaining in force. As with the feedback extinction conditions in the previous experimeht, after IRTs that would have been reinforced, the feedback stimulus appropriate to the preceding (one-back) IRT was presented.
Separate IRT distributions, with 16 IRT cells having a width of 1.5 sec for the DRL 15 LH 1.5-sec conditions and 1 sec for the DRL 10 LH 1-sec conditions, were obtained for the feedback and no feedback components. Figure 6 shows data for the last 14 days of the final condition of the experiment. Each point is the mean of 14 daily points. Each daily point represents the difference (NFB-FB) between the number of IRTs in a given cell in the no-feedback and feedback components respectively. Thus, the curves of Fig. 6 represent the mean difference between the IRT distributions with and without feedback. The small IRT distributions along the right column of Fig. 6 One implication of these results is that the limitations on DRL performance alluded to earlier probably cannot be attributed to lack of informative feedback. A second implication concerns the relationship between "information" and the capacities of the organism. The information contained in a set of instructions is of little help to a hearer who does not speak the language; on the other hand the fact that instructions of some kind are being given may be of some help, although the detailed content is unavailable. In other words, a given situation may contain information on several levels and only those for which the organism possesses the appropriate decoding system can come to control behavior. In the cyclic tracking situation with feedback, the stimuli contained two kinds of information: (a) Information corresponding to the scheduled contingencies concerning the relation between the just-emitted IRT and the tracking requirement. This information was associated with each stimulus occurrence. (b) Information contained in the pattern of feedback stimuli over time: because the pigeons adapted much better to the shorter (DRL 8 and 10) tracking requirements than to the longer (DRL 20 and 30) components, both the frequency of reinforcement and the relative frequency of the red ("too long") feedback stimulus increased during the shorter components. The effectiveness of the feedback stimuli in the cyclic situation, their relative ineffectiveness in the simple DRL LH situation, and the results of the various transfer and probe tests all suggest that the latter property of the stimuli was the effective one in this situation. The mechanism of action both of this relative frequency variable and of the other cues in the cyclic situation (beginning of session, reinforcement, and reinforcement frequency) remains obscure, however. A general implication of the results is that perhaps pigeons either cannot come under the control of a feedback "knowledge of results" relation of this sort, cannot rapidly and systematically shift the mode of their IRT distribution under discriminative control, or both.
RESULTS
